Introduction
. Although the sequences T cell antigen receptors (TCRs) recognize peptides of of the CDR1 and CDR2 regions of TCR ␣ and ␤ chains foreign protein antigens complexed with self-MHC (maare germline encoded, many of the amino acids in the jor histocompatibility complex) molecules. Indeed, the third CDRs are nongermline encoded, as a consequence mature T cell repertoire is biased toward recognition of of random processes operating during V(D)J recombinaforeign peptides associated with self-MHC molecules, tion. Furthermore, the particular combination of ␣ and as opposed to those associated with nonself-MHC mol-␤ chains is randomly chosen in a given T cell, and it is ecules. This characteristic is imposed by positive selecunclear to what extent interactions between the chains tion of developing T cells as they mature in the thymus could alter the conformation and, consequently, the MHC specificity of a TCR. In principle, these random (Jameson et al., 1995) . At the same time, a negative components of the receptors could play a large role in selection process purges the T cell repertoire of cells determining their ultimate specificity for antigen as well that are reactive with complexes of thymic self-peptides as for MHC molecules. with self-MHC molecules (Robey and Fowlkes, 1994) .
On one extreme, the preselection repertoire might be It is thought that positive selection favors immature completely random in its specificities; the propensity of CD4 ϩ
CD8
ϩ thymocytes that bind weakly or strongly to TCRs on mature T cells to react with MHC molecules self-MHC/peptide complexes, whereas negative selecmay result wholly as a consequence of positive selection induces the death of thymocytes that bind strongly tion, which demands MHC-reactive cells. In this scheme, to self-MHC/peptide complexes (Ashton-Rickardt et al., only rare clones in the preselection repertoire should be 1994; Hogquist et al., 1994) . Operating together, positive subject to thymic selection. At the other extreme, the and negative selection yield a repertoire of T cells that preselection repertoire might be even more strikingly bind too weakly to self-MHC/self-peptide complexes for MHC-reactive than the mature repertoire, including induction of immune responses. Binding contacts of the many clones that cross-react on several different or TCR with a foreign peptide in the groove of a self-MHC even all MHC molecules (Ignatowicz et al., 1996) . In this molecule may provide the added affinity necessary for scheme, many clones are subject to positive selection, and a large fraction of those are also subject to negative selection, including the MHC cross-reactive clones. bilities is central to understanding the relative roles of reactivity of cells observed in all of these experiments could have been the result of positive selection. We have directly examined the repertoire of T cell specificities that arises in the absence of MHC expression. In mice deficient for both MHC I and MHC II molecules (MHC I   o   II o mice), T cell development is blocked at the CD4 ϩ CD8 ϩ TCR␣␤ ϩ stage (Chan et al., 1993; Grusby et al., 1993) . These cells represent the developing T cell receptor repertoire prior to positive or negative selection by MHC molecules. Like CD4 ϩ CD8 ϩ thymocytes in normal mice, these cells are immature; they fail to proliferate in response to stimulation through the TCR in vitro (Robey and Fowlkes, 1994) and do not yield stable hybridomas at significant frequencies (data not shown). In fetal thymic organ cultures, these cells can be efficiently induced to mature by providing anti-TCR␣␤ and anti-CD4 (Takahama et al., 1994) . After 6 interaction per se, because inherent MHC reactivity of the preselection repertoire would suggest that there may days of organ culture, the antibody treatment resulted in an increase of 5-to 10-fold in the number of be some conserved contacts between nonvariable portions of the TCRs and MHC molecules.
TCR␣␤ ϩ CD4 ϩ CD8 Ϫ and CD4 Ϫ CD8 ϩ thymocytes, compared to the number that appeared without addition of The available information concerning the specificity of the preselection repertoire is intriguing, but it is largely antibody (Figure 1 ). Since the number of mature T cells was still limiting, we investigated whether simultaneous based on indirect analyses of selected T cells or their TCRs. It was shown that random combinations of TCR stimulation of the CD4 coreceptor with anti-CD4 MAbs, along with stimulation of the TCR, would augment the ␣ and ␤ chains, generated by fusions of hybridomas, were often alloreactive with another MHC molecule differentiation of mature T cells in the organ cultures (Punt et al., 1993) . The anti-CD4 MAb had no effect in (Blackman et al., 1986) . Because each of these chains had come from cells that may have been previously the absence of anti-TCR␣␤ MAb (Figure 1 ). In cultures containing both MAbs, there was no significant ensubjected to thymic selection, it was possible that their MHC specificity had been previously selected for. More hancement in the number of CD4 Ϫ CD8 ϩ TCR␣␤ ϩ thymocytes, but the appearance of CD4 ϩ CD8 Ϫ cells was recent studies examined the T cell repertoires in mice in which thymic selection was directed by one or a few enhanced by 4-to 5-fold, corresponding to an overall 27-fold increase in the number of these cells compared peptide/MHC complexes (Ignatowicz et al., 1996; Miyazaki et al., 1996) . As numerous mature T cells arose as to cultures without antibodies (Figures 1 and 2 , Table  1 ). The cultures treated with both antibodies contained a consequence of positive selection with one or a few complexes, it was proposed that the frequency of MHCas many, or more, CD4 ϩ CD8 Ϫ cells as MHC I o II ϩ thymus organ cultures run in parallel without antibody addition. reactive precursors must be reasonably high (Ignatowicz et al., 1996) . Furthermore, it was observed that Most of the CD4 ϩ T cells selected by the antibody mixture ("antibody-selected CD4 ϩ T cells") expressed many of the T cells arising from thymic selection by a single MHC/peptide complex exhibited a surprisingly the TCR␣␤ and were phenotypically mature (i.e., HSA Ϫ ) (Figure 2) . Furthermore, most of these cells exhibited high degree of reactivity to MHC-matched cells expressing diverse cellular peptides, as well as cross-reactivity the CD44(Pgp-1) Ϫ CD25 Ϫ CD69 Ϫ cell surface phenotype of resting, naive T cells, strongly suggesting that they to different allogeneic MHC molecules. The high frequency of these clones raised the possibility that many had not arisen by antibody-driven expansion of a few precursors (Figure 2 ). The failure of the CD4 antibody clones in the preselection repertoire are broadly MHC cross-reactive (Ignatowicz et al., 1996) . Another study by itself to stimulate the differentiation of CD4 ϩ CD8 Ϫ thymocytes suggests that the effects of the anti-TCR employed transgenic mice to achieve a situation where thymocytes underwent positive selection directed by antibody are specific. Sufficiently large numbers of CD4 (Laufer et al., 1996) . The MHC (Liao et al., 1989) . T cytes ( Figure 5 ). An average of 1/498 of the antibodyselected CD4 ϩ T cells responded to H-2 q stimulator cells expressing V␤3, V␤6, V␤9, V␤11, and V␤13 were more frequent in the antibody-selected repertoire than cells. H-2 q molecules fail to present endogenous superantigens (Herman et al., 1991) , and therefore, it is likely in the MHC II-selected repertoire. The B6/B10 strains express the endogenous mammary tumor virusthat the observed responses were directed at MHC molecules rather than at superantigens (and see below). A encoded Mtv-8, Mtv-9, and Mtv-17 superantigens. Previous studies document that V␤11 ϩ and V␤13 ϩ T cells similar frequency of antibody-selected T cells (1/546) also reacted against "self" H-2 b (MHC I o ) stimulator cells. undergo clonal deletion in mice expressing these superantigens (Braun et al., 1995; Scherer et al., 1995) , sugThese responses were specific for the A b MHC II molecule, since there was no reaction against the H-2 b MHC gesting that the higher frequency of these cells in the antibody-selected repertoire is due to their failure to ϩ cells in the antibody-selected repertoire could reflect a previously undetected superantigen reactivity of these V␤s, or could be due to inefficient positive selection of cells expressing these V␤s by IA b MHC molecules.
As a means to address directly whether the antibody selection procedure operates independently of the MHC specificity of TCRs on selected cells, we determined whether the antibodies induce thymocytes expressing an MHC I-specific TCR to mature inappropriately into CD4 ϩ CD8 Ϫ thymocytes. Mice expressing a transgeneencoded TCR specific for HY antigen presented by the D b class I molecule were crossed onto an MHC I o background in order to prevent expression of the selecting TCRs. These data indicated that the antibody mixture frequencies of MHC-reactive cells observed in the anti-H-2 haplotype, excluding those that exhibited reactivity with endogenous superantigens (see below). In comparbody-selected repertoire were similar to the frequency of control MHC II b -selected CD8 Ϫ thymocytes that proison, 5.4% of the hybrids representing the MHC IIselected repertoire reacted with a given H-2 haplotype, liferated in response to allogeneic DBA/1J (H-2 q ) stimulator cells (1/720). These frequencies are within the reexcluding the H-2 b (self) stimulator cells that did not stimulate any of these hybrids. In terms of MHC reactivported range (Ceredig et al., 1983; Itoh et al., 1990) , but underestimate the frequency of MHC-reactive cells in ity, there was no statistically significant difference between these hybridoma sets (p Ͼ 0.1 by 2 test). Hybrids the repertoire due to imperfect plating efficiencies in Figure 6B ). These results demfusion partner, we employed the TCR␣ Ϫ and ␤ Ϫ variant of BW5147 (White et al., 1989) . Hybridomas that stained onstrated that the predilection for MHC reactivity is high in the antibody-selected repertoire. However, in contrast positively with anti-TCR␣␤ and anti-CD4 MAbs and that produced IL-2 in response to anti-TCR␣␤ stimulation to the predictions of Ignatowicz et al. (Ignatowicz et al., 1996) , MHC reactivity in the antibody-selected reperwere further tested for MHC reactivity. Each hybrid was stimulated with splenic cells from 10 different strains, toire was not substantially higher than observed in the MHC-selected repertoire. representing 8 independent MHC haplotypes ( Figure 6 ). Only 1-2 hybrids from either collection responded to If the observed responses represented reactivities to endogenous mammary tumor virus (Mtv) genomenegative control MHC I o II o stimulator cells, and these were discarded. A total of 38 reactive hybridomas was encoded superantigens presented by MHC molecules, our conclusions would be misleading. We examined stained with a panel of 10 anti-V␤ antibodies, revealing positive staining in 28 instances (see Figure 6 for V␤ whether the hybrids that were stimulated with B10.BR (H-2 k ) stimulator cells could also be stimulated with cells assignments). Most of the reactive hybrids were clonal, based on the observation that 27 of 28 reactive hybrids from an H-2 k mouse strain that had been bred free of endogenous superantigens (Scherer et al., 1995) . Hyin both sets that stained with a given V␤ antibody stained uniformly with that antibody. No evidence was found for brids that respond to B10.BR but not to the Mtv Ϫ H-2 k stimulator cells are likely to be superantigen-reactive. expression of multiple V␤s by a given hybridoma clone, based either on costaining with 2 anti-V␤ antibodies or It was found that 3 of the 7 B10.BR-reactive hybrids representing the antibody-selected repertoire were sucomparisons of the ratio of staining intensity of different hybridomas with a given anti-V␤ antibody versus antiperantigen reactive, as were 2 of the 6 B10.BR-reactive hybrids from the MHC II-selected repertoire (listed in TCR␤ antibody. Hybridomas from set 1 of each panel were tested against both MHC I o II ϩ and MHC I ϩ II ϩ stimu- Figure 6 , bottom entries). One of the superantigen-reactive hybrids from the antibody-selected repertoire exlator cells of the relevant H-2 b , H-2 d , or H-2 k haplotypes, and all proved to be MHC II reactive; MHC II reactivity pressed V␤5.1 and/or V␤5.2, previously shown to react with E k and either the Mtv-8 or Mtv-9 superantigens is to be expected, based on the expression of the class II-specific CD4 coreceptor by the hybridomas.
that are expressed in B6/B10 mice (Braun et al., 1995; Scherer et al., 1995) . The other Mtv superantigenAn average of 5.7% of the hybrids representing the antibody-selected repertoire responded to any given reactive hybrids expressed V␤3, V␤8, or undetermined Expression by MHC reactive hybridomas of TCR V␤ 2, 3, 5, 6, 7, 8, 9, 11, 13, or 14 was determined by flow cytometry. Hybridomas expressing none of these V␤ elements are indicated with (x), and (ND) indicates not determined. The MHC II-selected hybridoma panel was derived from two sets of fusions (set 1: #1-20, and set 2: #21-60), whereas the antibody-selected hybridoma panel was derived from three sets of fusions (set 1: #1-17, set 2: #18-27, and set 3: #28-64). V␤s. The Mtv/H-2 k -reactive hybrids were excluded from any of the remaining MHC reactive clones are reactive to B6/B10-derived superantigens. calculations of MHC reactivity. Since the IE k class II molecule presents all tested endogenous superantigens A question of some interest is whether the antibodyselected repertoire contains a subset of clones that very effectively (Herman et al., 1991) , it is unlikely that These CD4 ϩ cells were of resting, naive cell surface ceptor signaling in positive selection.
The observed distribution is not significantly different from the predicted one, 2 ϭ 1.09, p Ͼ 0.1 (for statistical analysis, the 2, 3, and
The Antibody-Selected Repertoire 4 reactivity groups were combined to validate the calculations). Mtv superantigen-reactive hybridomas were omitted for the calculaBecause the antibody-selected repertoire is created in tions.
MHC-deficient mice, it is likely to resemble the preselection repertoire. A caveat is that the MHC-deficient mice express very low levels of class I molecules (Bix and Raulet, 1992) . However, these levels are too low cross-react promiscuously with several or many MHC to stimulate appreciable levels of T cell development molecules. Hybrids reactive with up to 3 or 4 of the 8 (Zijlstra et al., 1990 ). Although it is formally possible that tested H-2 haplotypes were present in both hybridoma the mice could also express very low levels of an A␣E␤ sets. In most or all of these cases, multireactivity was dimeric class II molecule, attempts to detect this moledue to cross-reactivity rather than lack of clonality, becule have met with failure (Cosgrove et al., 1991) . In any cause 3 of 5 multireactive hybrids in each hybridoma case, several features of our data strongly support the set stained uniformly with one of the V␤ antibodies contention that the antibody-selected repertoire is reptested; the remaining 2 multireactive hybrids in each set resentative of the preselection repertoire. First, the V␤ did not stain with any of the V␤ antibodies tested. While and V␣ distribution was similar to that of CD4 ϩ CD8 ϩ MHC multireactivity was clearly observed, a statistical thymocytes present in MHC I o II o thymic organ cultures, analysis suggests that it occurs largely at random. If yet differed considerably in several respects from that the reactivities were distributed randomly, the pattern of MHC II-selected CD4 ϩ T cells. Second, as would be should follow the Poisson distribution, which predicts expected of the preselection repertoire, the antibodythat the observed 28 MHC reactivities in the antibodyselected repertoire contained clones reactive with H-2 b selected repertoire should be distributed among the 61 MHC molecules, which defines self for the parents of hybrids, as depicted in Table 2 . As assessed by the the MHC I o II o mice (Figures 5 and 6 ). Third, the antibody 2 test, the observed distribution of reactivities was selection protocol caused the maturation of T cells exindistinguishable from the predicted distribution (p Ͼ pressing the MHC I-restricted HY-specific TCR into the 0.1, Table 2 ). Thus, there is no indication from this analy-CD4 ϩ compartment, in the absence of the D b -selecting sis that reactivity with multiple MHC molecules occurs ligand for the HY-TCR. Taken together, these findings at a higher than expected frequency in the preselection indicate that the antibody-selected repertoire is inderepertoire.
pendent of MHC expression and representative of the preselection repertoire that exists in the fetal thymus. Discussion
Positive Thymic Selection Mediated MHC Reactivity of the Preselection Repertoire
Collectively, the results of the LDAs and hybridoma analby Anti-TCR and Anti-CD4 MAbs In line with an earlier report (Takahama et al., 1994) , we ysis suggest that the preselection repertoire exhibits a high reactivity with MHC-expressing cells. The LDAs and observed that soluble anti-TCR␣␤ MAbs added to a fetal thymic organ culture from MHC-deficient mice can hybridoma analysis demonstrated a similar frequency of MHC-reactive cells in the antibody-selected and MHC stimulate maturation of CD4 ϩ thymocytes. In the earlier study, it was emphasized that the effectiveness of the II-selected repertoires. However, the LDAs yielded a 25-fold lower estimate of the frequency of MHC-reactive treatment depended on the anti-TCR␣␤ antibody being in a soluble and unaggregated form, or it would othercells than the hybridoma analysis. In similar LDAs with TCR-transgenic CD8 ϩ T cells, we observed that the platwise cause clonal deletion. Thus, a relatively low level of TCR signaling by the bivalent anti-TCR␣␤ MAb aping efficiency was only about 10%, suggesting that the frequencies based on the hybridoma analysis are more pears to substitute for the low affinity multivalent interaction thought to stimulate positive selection in vivo.
accurate than those from the LDA (data not shown).
Based on the hybridoma analysis, the average percentOur results extend the earlier findings, as we observed that not only CD4 ϩ , but also CD8 ϩ thymocyte maturation age of hybrids from the antibody-selected repertoire that were reactive with a given MHC class II ϩ stimulator was induced by anti-TCR␣␤ MAbs. We found that soluble anti-CD4 MAbs strongly enhanced the anti-TCRcell was 5.7%, similar to the 5.4% observed in the MHC II-selected repertoire. Correcting for the fact that some induced maturation of CD4 ϩ thymocytes in MHC I o II o thymic organ cultures, as had been previously demonof the stimulator cells present two class II molecules (IA and IE), while others present only one (IA), an average strated in MHC ϩ thymic organ cultures (Punt et al., 1993) .
of 4.4% of the hybrids in the antibody-selected reperwe propose that a single peptide/MHC complex must select a relatively small fraction of the preselection reptoire was reactive against a given class II molecule, compared to 3.4% in the MHC II-selected repertoire.
ertoire, which accumulates under steady state conditions to represent a substantial number of CD4 ϩ T cells. From another point of view, more than 30% of the antibody-selected hybridomas reacted with at least one of Based on our data, the highly MHC cross-reactive clones must be relatively rare, perhaps no more frequent the 8 MHC haplotypes in the panel, suggesting that most clones in the preselection repertoire are reactive with than would be predicted by chance given the observed distribution of MHC reactivities in the antibody-selected one or another of the 100 or so murine MHC II molecules available in nature (Gotze et al., 1980) . Many of these repertoire. It might be argued that the preselection repertoire hybridomas may also be MHC I-reactive, but were not observed, presumably because the hybridomas do not contains many broadly MHC-reactive clones that were lost during the preparation of hybridomas. This could express CD8. These data argue strongly that MHC reactivity is inherent in the germline-encoded portions of occur because MHC I (H-2 k ) and ␤2m molecules donated by the BW5147 fusion partner were expressed by the the TCR, independent of positive and negative thymic selection.
hybridomas; hybridomas reactive with these MHC I molecules might have been induced to undergo apoptosis The TCRs in the fetal repertoire contain smaller and less variable CDR3 regions due to the low levels of and therefore would have been lost from the panel. It should first be noted that the results of Ignatowicz et terminal deoxynucleotidyl transferase in the fetal thymus. Recent reports raise the possibility that the shorter al. were also obtained with a T hybridoma panel, so this mechanism cannot account for any differences in the CDR3 regions may confer greater MHC reactivity (Gilfillan et al., 1994; Gavin and Bevan, 1995) . Therefore, the results between that study and ours. Second, it is unlikely that the loss of hybridomas by this mechanism is MHC reactivity of the fetal preselection repertoire, as assessed in our experiments, may be somewhat higher seriously biasing the antibody-selected repertoire, based on the independent comparison of MHC reactivity than that in the adult preselection repertoire.
In recent studies, it was proposed that the alloreactivfrom the LDA experiments. The similar frequencies of MHC-reactive clones in the LDAs performed with antiity observed in the normal repertoire might represent only the "tip of the iceberg" of all alloreactivity (Ignatobody-selected and MHC-selected repertoires supports the conclusion that the preselection repertoire exhibits wicz et al., 1996) . This suggestion was based on the observation that among clones positively and negatively a level of MHC reactivity similar to that of the MHCselected repertoire and suggests that there cannot exist selected by a single peptide\MHC complex, a large fraction exhibited alloreactivity, and an even larger fraction a large number of pan-MHC-reactive clones that were lost during hybridoma preparation. exhibited reactivity with cells expressing the selecting MHC molecule complexed with the full array of cellular
The results suggest that a minimum of 5.7% of the preselection repertoire is potentially subject to negative peptides. This reactivity pattern could arise if these TCRs bind mostly to conserved MHC residues, with selection in mice of a given haplotype, since that is the average percentage of clones that reacted with each only a small contribution from interactions with peptide residues. It was suggested that this recognition pattern MHC haplotype. The actual percentage is likely to be significantly higher than this, since our assays were not would also result in a higher than expected degree of reactivity with cells expressing other MHC molecules.
suitable for detecting MHC I-reactive clones. Furthermore, negative selection can delete clones that exhibit However, our results suggest that cells with multiple MHC reactivities are not significantly more common in avidity for MHC below the threshold for triggering mature T cells (Pircher et al., 1991) . MHC heterozygosity, the preselection repertoire than would be predicted by chance, given the observed overall number of MHC rewhich is the rule in outbred populations, should lead to a further doubling of the frequency of cells susceptible activities. Furthermore, our data suggest that the frequency of MHC reactivities in general is not significantly to negative selection. Taking all of these factors into account, we estimate that 20%-30% of thymocytes in a elevated compared to the MHC-selected repertoire. Even if a larger sample were to show significantly intypical outbred animal might be susceptible to negative selection. In a hypothetical mouse expressing all MHC creased MHC reactivity in the preselection repertoire, the effect is bound to be small based on the present molecules of the species, the entire repertoire might be subject to clonal deletion, suggesting an evolutionary analysis. Our data are in line with the conclusions of an analysis of apoptotic cells in the thymus, which failed rationale for the distribution of a few highly polymorphic MHC molecules to each member of the species, rather to detect a high level of MHC-induced negative selection in the normal thymus (Surh and Sprent, 1994) . To reconthan having each member express a large number of different MHC molecules. The fraction of the presecile our results with those of Ignatowicz et al., we propose that thymic selection by a single peptide/MHC lection repertoire that is subject to positive selection cannot be ascertained from our results. complex results in the enrichment of relatively rare clones in the preselection repertoire that exhibit strong
The inherent MHC reactivity of TCRs leads to the inference that TCRs interact with MHC molecules in a speinteractions with conserved MHC residues, and therefore excessive cross-reactivity with different MHC molecific way(s). Recent structural analyses of TCR-MHC/ peptide complexes suggest that different TCRs may incules. The enrichment of these clones occurs because many of them are not induced to undergo negative seteract with their different MHC/peptide target complexes with a similar orientation (Brock et al., 1996 ; Garlection by this particular peptide/MHC complex, although they would be deleted in a normal thymus. Thus, cia et al., 1996; Garboczi et al., 1996; Sant'Angelo et cells were analyzed on a EPICS Excel flow cytometer (Coulter, Hiaal., 1996) . Numerous contacts between the TCR and leah, FL, USA). 2-4 ϫ 10 4 events were accumulated using forward conserved MHC I residues were observed primarily in and side scatter gating to exclude nonviable cells. Graphics were the CDR␣1, CDR␣2, and CDR␤3 regions of the TCR generated using the WindMdi program (John Trotter, Salk Insti- (Garboczi et al., 1996) . Evidence that the TCR␣ CDR1/ tute, USA).
CDR2 regions interact with MHC molecules has also been recently provided (Sim et al., 1996) . It will be inter-
Limiting Dilution Analysis
Thymocytes from organ cultures were depleted of CD8 ϩ cells by esting to determine whether specific contacts between use of anti-CD8 MAb AD4(15) ascites and rat anti-mouse IgM-coated TCR residues and conserved MHC residues underlie the Dynabeads M-450 (Dynal Inc., Great Neck, NY, USA). The fraction TCR-MHC interaction and account for the inherent MHC of CD4 ϩ CD8 Ϫ T cells in the CD8-depleted fraction was assessed reactivity of the T cell repertoire.
by flow cytometry. Cultures were in 200 l DMEM/FCS medium supplemented as described (Ceredig et al., 1983 ) and containing 15 ng/ml rIL-2 (Chiron Corporation). II ϩ mice. The remaining strains were purchased described above, and stimulated for 2 days in culture wells of 24-from The Jackson Laboratories (Bar Harbor, ME, USA).
well plates that were coated with 10 g/ml anti-TCR␣␤ MAb H57-597 and 1/400 dilution of anti-CD28 (37.51) ascites fluid (a gift of Antibodies Dr. M. Krummel). Blasts were purified by Ficoll-Paque centrifugation, From CALTAG (San Francisco, CA, USA), we purchased antiwashed, fused to BW5147␣ Ϫ ␤ Ϫ cells (White et al., 1989) , and selec-CD4-Phycoerythrin (PE) (CT-CD4), anti-CD8/Lyt-2-Fluorescein isotion was performed according to standard protocols. Plating effithiocyanate (FITC) (CT-CD8␣), anti-CD44/Pgp-1-FITC (IM7.8.1), ciency of HAT-resistant hybridomas was Յ 10%, except for the first anti-CD25/IL-2R␣-FITC (PC61.5.3), anti-␥␦TCR-FITC (GL.3), and set (set 1) of hybrids derived from MHCI o II ϩ fetal thymii, for which Streptavidin-Tricolor (SA1006). From Pharmingen (San Diego, CA, it was almost 100%. Clonality of this set of hybridomas was achieved USA), we purchased biotinylated anti-V␤, anti-V␣, and anti-CD69 by subsequent single cell cloning; clonality of most hybridomas in (H1.2F3). From GIBCO (Grand Island, NE, USA), we purchased antiall of the sets was indicated by staining with anti-V␤ MAbs (see CD8/Lyt-2-RED613® (#53-6.7). Anti-CD24/HSA (M1/69.16.11. HL) text). Hybridomas that stained strongly positive for CD4 and ␣␤TCR and anti-TCR␤ (H57-597) hybridomas were purchased from ATCC and specifically released substantial IL-2 upon ␣␤TCR stimulation (Rockville, MD, USA). Anti-HY-TCR (T3.70) (Teh et al., 1988) was by plate-bound MAb H57-597 were chosen for further analysis. provided by Dr. H. von Boehmer. The antibodies were purified from MHC reactivity was assessed by culturing 1 ϫ 10 5 hybridoma cells culture supernatants over Protein G Agarose (Boehringer, Indianapwith 2 ϫ 10 5 irradiated splenic stimulator cells in 200 l of complete olis, USA) and either biotinylated or FITC-conjugated. For addition RPMI medium for 24 hr. Stimulator cells from MHC I o II o mice served to fetal organ cultures, the purified MAb H57-597 in PBS was centrias negative controls. For evaluation of IL-2 release, 100 l of the fuged for 4 hr at 55,000 rpm (Beckman TLS55), 4ЊC, and sterilesupernatant was added to 100 l containing 5 ϫ 10 3 CTLL-2 cells. filtered.
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Flow Cytometric Analysis
Received December 23, 1996; revised January 23, 1997. For three-color analysis, thymocytes were first stained with anti-CD4-PE and either biotinylated anti-V␤, anti-V␣, or anti-CD69 and subsequently with anti-CD8-FITC and Streptavidin-Tricolor. AlternaReferences tively, anti-CD4-PE and anti-CD8-RED613® were used in the first step, and either FITC-conjugated anti-CD44, -CD25, -␥␦TCR, -CD24, Ashton-Rickardt, P., Bandeira, A., Delaney, J.R., Van, K.L., Pircher, H.P., Zinkernagel, R.M., and Tonegawa, S. (1994). Evidence for a or -TCR␤ in the second step. For four-color analysis, cells were first stained with anti-CD4-PE, anti-CD8-Red613®, and T3.70-Biotin, differential avidity model of T cell selection in the thymus. Cell 76, 651-663. and subsequently with Streptavidin-Tricolor and anti-HSA-FITC. The
